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PREFACE
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I. INTRODUCTION

The temporal stability of the output f rom cw lasers employing unstable

resonators  with cross  flow is d iscussed theoret ical ly  in Refs . 1 through 3

and expe rimentally in Ref . 4. Dreizin  and Dykhne t treated the case of an

unstable resonator with magnification near one , a sing le-level laser model

(i. e . ,  infini tely fast  deactivation of lower laser level), and no “pumping ’t of

excited species within the resonato r . With geometric op tics assumed , it was

found that the interact ion between the radiation field and the gain medium was

unstable to small perturbations , resulting in large-scale periodic output

fluctuation.  The period of these fluctuations was of the order  of the resonato r

length divided by the flow velocity . Yoder and Ahouse
4 observed such large-

scale periodic flu ctu ations in the output from a cw CO2 e lec tr ic di sc harge

laser . These were attributed to the instability mechanism proposed in Ref .  1.

In a recen t  paper , Mirels 2 ext ended the analysis of Dreizin  and Dykhne

to include pump ing wi th in  the resonator . The assumptions of magnif ica t ion

near one and a single-level laser model were retained. It was found that the

output is stable when the gain at the resonato r inlet  is less than the threshold

value and when the volumetric pumping rate decreased with s treamwise

dis tance. These arc suff ic ient , but not necessary , conditions for stability.

The method discussed in Ref. 2 canno t be applied to dete rm in e stability

when the gain at the resonato r inlet is la rger  than the threshold value , except

for special zed pumping distributions.

-5-
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In a cw HF chemica l  laser  ( e . g . ,  Ref .  5),  the gain is general ly zero ,

or  sma ll , at  the r esona to r in l e t , and t he pump ing  decreases  with s t reamwise

dis tance  (si nce the ra te  of d i f fu s ion  between the s treams containing F and H2,

respec tivel y ,  dec r e a s e s  wi th s t reamwisc  d i s t ance ) .  Hence , the theory

d i s cus sed  i n R e f . 2 indicate s that the output  f r o m  a cw HF chemical laser

o per a t i n g  on a sing le t r ans i tion should be stable.  No conclusions can be made

r e g a r d i n g  the stabili ty f o r  the case  where the gain at the r e sona to r  inlet is

large r than the threshold value .

The p u r p o s e  of the p r e s e n t  stud y is to observe  exper imen ta l l y the tem-

poral stability of the outpu t  f r o m  a s i n g l e - l i n e  cw HF chemica l  l a se r  and to

c o m p a r e  w i t h  the prediction of Ref. & Cases where the ga in  at the r e so n a t o r

inlet is less than or  g r ea t e r than the threshold value arc  considered .

-6-
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II . EXPERIMENTAL EQUIPMENT

The laser  device used for  these exp e r iments  has been descr ibed by

Spencer , Mirels , a nd Du r r a n . Helium is used as a di luent  gas , and atomic

fluo rine is produced b y the dissociat ion of SF6 i n an e lectr ic  arc . The

nozzle bank has a hei ght of 1. 3 cm and a length of 17 . 8 cm in the d i r ec t ion

of the optical axis. The laser operating conditions are given in Table I.

The variation of zero powe r gain with streamwise distance , x , has

been measur ed by Chodzko 6 at these opera t ing  condi t ions  with the 3 6-slit

nozz le . This var ia t ion  for the p
1 ( 6) and P2 ( 5) l ines  used in the p resen t

experiments is shown in Fi g. 1 . The n otat ion P ( J )  denotes  a P -b r a n c h

tran sition , where v and 3 are upper and lower level values , re~ pectively.

The gain is n o n z e r o  at x = 0 (i . e . , at the exit of the nozzles , which is

generally the entrance section to the resonator) because of boundary-’ayer

separation and some recirculation near the nozzle exit . 
6 For P,( 5), the

gain at x = 0 appears  t o be about 4%/cm , and the peak gain of ~~. 3~ o /c m

occurs at x = 0 . 8 cm . The pos i t i ve -ga in  reg ion ex tends  to x = 3 . 5 cm .  For

the gain at x = 0 is 2.5%/cm , the peak gain is 7 . 5 %/ C m  at 1 . 3 cm ,

and the positive -gain reg ion extend s to 8. 5 cm.

The single-line unstable resonator confi guration used in the present

stud y ( d i s c u ssed in R ef . 7) is indicated in Fig. 2. The r e s o n a t o r  c o n s i s t s  of

• 
. a gold-coated convex sphe r i ca l  m i rr o r  and a d i f f r a c t i o n  g r a t i n g  in a L i t t r ow

con f i g u r a t i o n . The d i f f r a c t i o n  gra t ing  acts as a plane mi r r o r  pe rpend icu la r

to the optical  axis  for a s ingle  spectral  line . The l ase r  powe r is c o n t i n u o u s l y

cou pled 7 out of the resona tor  by the z e r o t h - o r d e r  r e f l ec t ion  f rom the g r a t i n g .

~~ ~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : . ~~~~~~~~ ,. ~-••~.- -.-.. •~~~~ .-~~——-. - - •
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Table I. CW HF Flow Conditions

SF6 
4 . 25 g / s e c

• He 4.50 g/sec

• O
~ 

0.70 g/sec

H2 
0 . 67 g/sec

p . 6.3 Torr
cavity

• P Z4 psia
plenum

Arc Current 450 A

t .
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Fig. 1. Variation of small signal gain with streamwise
distance for P1 (6) and P2(5) line of HF laser
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For a m i r r o r  s epa ra t i on  of L = 1. 143m and a m i r r o r  r a d i u s  of R -22 . 3m ,

the magnification of the r e s o n a t o r  is

~~~~~~~~~~~~~~~ ~ = 1 . 566

With values of 0 .80 for  the ef fec t ive  reflectivi ty of the grat ing,  0 .9 8  for  the

reflectivity of the convex mi r ro r , and 17.8  cm for the gain length , the

thre shold gain was calculated to be 3. Z~~/ cm. The ent i re  optical system was

enclosed in a plexiglass box , which could be dried to a relative humidity of

a few percent. A dry atmosphere is necessary because of the strong absorp-

tion of most HF laser lines by wate r vapor.

The location of the opt ical  ax i s, x , could be var ie i  by rota tion of the

convex m i r r o r  abou t a v e r t i c a l  ax i s .  The approximate location of the optical

axis, for  each tes t , was e s t a b l i s h e d  by use of a fluo rescent  s c reen , as

indicated in Figs . 2 and 3. In accordance with geometric optics , the width

of the laser beam reflected from the convex mirror that illuminates the

• f l u o r e s c e n t  s c r een  is a = (M - 1)h. The distance of the optic axis from the

nozz le face is x = b + d .  Thus , x could be determined f r o m  a m e a s u r e m e n t
C C

of the illumination width , a , and the s c r e e n  in se r t ion  depth , d . Th e boundar y

of the laser illum ination on the f l u o re s c e n t  s c r een  was somewhat diffuse;

th e r e f o r e , measurements  of a could be made to an a c c u r a c y  of onl y abou t

2 mm, which , however , was adequate for these exper iments .  Several inser-

t ion de p th s , d , were used to ob tain each value of x .  These results  indicated

that diffraction effects were not excessive .

t

- 11-
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REGION ILLUMINATED
BY LASER RADIATION

DIFFRACTION
GRATING

~ OPTIC 
a b

AXIS 
— ________ — - —

-- 
/

NOZZL E FAC E X 1 d
/

FLUORESCENT
SCREEN OR
OPTICAL BAFFLE

Fig. 3. Use of fluorescent screen to locate position of
optic axis of laser  resonator
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An optical  baff l e (see  Fi gs.  2 and 3 1 was inserted into the resonator

beam during some laser stability measurements. The purpose of the optical

baffle in these tests was to change the effective resonator inlet location x1

from the conventional value of x. = 0 to some downstream location . (The

resonator inlet location is g ive n by x 1 = d - a in Fig. 3.) The object of

these tests was to determine if gain, larger than the threshold value of

3 . 2%/cm , at x . was destabilizing.

The output lase r beam, which was slightly divergent , was f ocused by a

concave mi r ro r  and scattered from a roug hened aluminum plate . A cooled

Ge:Au detector was used to measure output power fluctuations. The Ge:Au

de tecto r was used in the photocondu ctive mode and had a risetime of less

than 70 nsec .  The dete cto r was used without a preamp and was dc-coupled

into a Type D plug-in amplifie r of a Tektronix Type 535 oscilloscope . This

plug-in amplifier , however , is limited to a bandwidth of 1.3 MHz at a

sensitivity of 20 mV/ cm.

Frequency spectra we re obtained with a Hewlett-Packard spectrum

analyzer consisting of a 141 T display section , an 8552 B i. f . sec tion , and

an 8553 B rf section. The frequency range was set up and calibrated with

a Tektronix square-wave generator.

‘3

I: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- - -~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— - - . . A



III . EXPERIMENTA L RESULTS

A ser ies  of HF laser output powe r fluctuation measu remen t s  were  made

• . with the optical baffle removed from the resonato r. In these cases , x. was

• zero, and the gain at the resonator inlet was less than the threshold value .

• 
.

~ The resonato r was adjusted for the P2
(5) line and then for the P1(6) line; x

was measured to be about 1 .2 cm for both cases, and the output power was

23 W for P2(5) and 26 W for the P1(6) line . 
Oscilloscope measuremen t s  of

the signal from the cooled Ge:Au detecto r are shown in Figs . 4(a) and 4(b).

The re are some small amplitude , high-frequency fluctuations present in the

signal , but there are no large-scale , limit-cycle fluctuations and no pre-

dominant frequency that could be associated with a mode-medium instability,

as were observed in Ref. 4.

The signal from the Ge:Au detector was observed furthe r with a

spec t r u m  anal y z e r ;  these disp lays , Fi gs. 5(a) and 5(b), show essentiall y

random f luc tua t ions  whose power spectrum s decrease  monotonical ly  with

F . ; f r eq u e n c y .

) The period of mode-medium instability
1 is of the o rder  of T = (x

~
_ x

~
)/ u .

For the p r e s e n t  case , u = 4 k m/ s e c , x . 0 cm , x 1. 2 cm , and T = 6 ~.isec .

Hence , the f r equency  of the ins tabi l i ty  should be approximately 200 kHz .

- 15-
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(a)

(b)

Fig. 4. Oscilloscope traces of laser
detector signal. Sweep
speed = 20 p. sec/cm.
Sensitivity = 20 m V / c m .
R L = 280 ohm for  Ge:Au
de t ecto r . (a)  P2 (5 )  line .
(b) P 1(6) line.
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FREQUENCY 1kHz) —

—~~ 
•

100 200 300 400 500

FREQUENCY , 1kHz) ~~~
-

fbi

Fig. 5. Spectrum analysis of
laser detector signal.
Bandwidth = 3 kHz.
Sensitivity = 0. 04 mV/
div. (a) P2(5) line.
(b) P 1(6) line.

- 17-

~~~~~~~~~~ • ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5I~~~~r~~~ . -~~~•••• . - • •• ••~• • • . • • • . • ~• . •• • . . •• • • ...... - —-
~

--
~~~ .—

~~~~~~~~~~~~~~



- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-. 
~~
-.- ..

~~ 
-------- — - - -  —-

~~~~~
- .- . — --

Exper iments  w e r e  conti nued with an optical baffle inser ted  i nto the

resona tor beam in order  to increase the gain at the resonato r inlet  x . to a

value significantly above the th re shold value of 3. 2%/cm.  The output power

decreased as the baffle was inserted into the beam. The powe r decreased to

50% for  a baffle i n se r t i on  distance , d = 0.76 cm , and decreased rapidly with

f u r t h e r  i n se r t i on. For d = 0. 76 cm and x 1. 2 cm , the e f fec t ive  resonato r
C

in let was at x. 0. 5 cm . The inlet gain for the P 1(6) line was then g = 5 . 5%/cm,

which compares with the valu e 2 . 5%/cm for  the case of n o baffl e (x.  = o) .  The

results  of these measurements  are  shown in Figs . 6(a) and 6(b) .  Althoug h the

fluctuations appear to increase somewhat, there is still no evidence of a

mode-medium instability.

..

-18-
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(a )

_ _ _ _ _  ~~~~~~1
100 200 300 400 500

FREQUENCY 1kHz )

(b)

Fi g. 6 . Laser detector signal for
p 1(6 )  line with baf f le  in-
se r t ed .  (a )  Osci l loscope
t r a c e .  Swee p speed
20 t s e c /cm .  Sens i t i v i t y  =
20 m V / c m .  R L Z8O ohm.
( b )  Spectrum analysis.
Bandwidth = 3 k I I c .  Sen-
s i t i v it y  = 0 . 0 4  mu V / d i v .

- 19 -



• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

IV. CONCLUDING REMARKS

The output  from a single_line cw HF chemical laser  with an unstable

resonator was observed experimentally for cases where the gain at the

resonato r inlet  was below or greate r than the threshold value . In both cases ,

it was found that the output did not exhibi t large-scale  ampli tude f luctuat ions

of the typ e observed in Ref .  4 for an electricall y dr iven CO2 laser  and

attributed therein to the mode-medium interaction f i r s t  described in Re f .  1 .

The p resen t  results  are consis tent  with the theoret ical  predic t ions  of Ref . 2 .

•
1
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THE IVAN A . GETTING LABORATORIES

The Laboratory Operations of The Aerospace Corporation is conducting

exper imental and theoret ical invest igat ion s necessary for the evaluation and

appl ication of sc i en t i f i c  advances to new mi li tary concepts and system s . Ver-

sat i l i ty  and flexibil ity have been developed to a hig h degree b y the laboratory
personnel ri dealing wi th the many problems encountered in the nation ’ s rapidly
developing space and m iss il e system s . Expertise in the lat est scientific devel-
opments is vita l to the acco mplishment of tasks related to these problems. The
laboratories that contribute to this r” s earch are:

Aerophysics Laborato ry : Launch and reentry aerodynamics , heat tran e-
fer , reentry ph ys i cs , chemical kinetics , structural mechanics , f l i g ht dynam ics .
atmosp heric pollution , and hig h-power gas lasers.

Chemistry and Phys ics  Laborat o ry : Atmosp heric reactions and atmos-
pheric optics , chemical react ions in p~1iuted atmosp heres , chemical reactions
of exc i ted sp ecies in ro cket plumes , chemical thermod ynamics , plasma and
laser-induced reactions , laser chemistry, propulsion chemistry, space vacuum
and radiation ef fec ts  on materials , lubrication and surface phenomena , photo-
sensit ive materials and sensors , hig h precision laser ranging , and the app li.
cation of phys ics  and chemistry to problems of law enforcement and biomedicine.

Electronics Research Laboratory : Electromagnetic theory, devices , and
propagation phenomena , inclu ding plaema electromagnetic s;  quantum electronics ,
lasers , and electro-opt ics ;  comm unication sciences , app lied electronics , semi -
conducting, s uperconducting, and cry kta l device physics , optical and acoustical
imaging; atmospheric pollution; millimeter wave and far- infrared technology.

Materials Sciences Laboratory: Development of new mate rials; metal
matrix composites and new forms of carbon; test and evaluation of grap hite
and ceramics in reentry ; spacecraft materials and electronic components in
nuclear weapons environment ; app lication of fracture mechanics to stress cor-
rosion and fatigue-induced fractures in structural metals.

Space Sciences Laboratory : Atm ospheric and ionospheric physics , radia-
tion from the atmosp here , density and composition of the atmosp here , aurorae

and airg low; magnetosp heric physics , cosmic rays , generation and propagation
of plasma waves in the mag netosp here; solar phy s i c s , studies of solar magnetic
field s ; space astronomy, x- ray astro nomy; the effects of nuclear exp losions .
magnetic storms , and solar activity on the earth ’ s atmosp here . ionosp here , and
magnetosp here; the ef fects of optical , electromagnetic , and particulate radia-
tions in space on space systems.
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